Introduction
Water is one of the most important resources for agriculture. Pakistan is well endowed with water resources and as a result about 90% cultivated land is under irrigation (Birdaret et al., 2009) .
Various investigations have revealed that most of the watercourses are improperly designed leading to considerable water losses. Shahid et al., (1996) reported that the seepage quantities from unlined irrigation channels as quoted from various technical sources ranged from 25% to 50% of transported water while seepage losses in unlined conveyance systems of different countries in the world also varied from 25% to 50% of total diversion (Mashhadi, 1993) . Khatak et al., (1983) reported losses of 32.45% from seven watercourses in North West Frontier province (Khyber Pakhtunkhwa). Evaluation of the improved watercourses shows substantial saving of water losses. Water course improvement has enabled to reduce water losses by 53% (Khan, 1986) . World Bank, (1992) has proposed to improve water courses by lining to controls excessive seepage, water logging and salinity.
Keeping the above losses in mind, the National Program and is mainly aimed at increasing water availability for farming by converting the traditional irrigation channels (i.e. channels made from mud and stones) to improved irrigation channels (i.e. channels made from cement concrete and stone). A watercourse is normally an open top rectangular structure, 0.46 to 0.61 meters wide and several hundred meters long. It is a channel for carrying water from a secondary/minor channels to the farmer's field.
The purpose of establishing the NPIW in GilgitBaltistan was to control water losses, increase cultivated area and increase agriculture productivity in the mountainous regions of Pakistan as these regions have a high risk of water losses due to rocky terrain and steep slopes.
Water availability, especially during the dry season, is a serious problem in this area as well as across the NAs as availability is constrained by low valley precipitation and variability of flow in the Indus River (Ahmed et al., 2003) .
To achieve sustainable production from irrigated agriculture, it is essential to improve the utilization of resources such as water infrastructure and land resources (Molden et. al, 1998) . The crop production in this area is very dependent on irrigation derived from high altitude snow and ice melt (MacDonald, 1998) .
In this context, it would be pertinent to evaluate the benefits derived by farmers from improved irrigation system in terms of land use, crop productivity and profitability. Therefore, we undertake a comparative economic analysis encompassing land use, productivity, cost of production and profitability of crops in one village of Gilgit district in the NAs of Pakistan.
Methodology

Characteristics of the study area
The study was conducted in Sultanabad, a village in 
Selection of study site and data collection
The objective of selecting this village was to enable a comparison between improved irrigation system (IIS) and traditional irrigation system (TIS); thereby assessing any noticeable impact and or benefits of the IIS. The study was carried out based on primary and secondary data. Primary data collection was done based on the participatory approach and use of structured questionnaires. Thirtyeight farmers were randomly selected from among IIS and TIS farmers in equal proportions. A comparative economic analysis encompassing land use, productivity, cost of production and profitability was carried out.
Results and Discussion
The general characteristics of the surveyed farmers are presented in Table 1 . The average age of IIS and TIS farm household head is 62 and 53 years respectively. The statistically significant age difference between the two groups can be attributed to early settlement of IIS farmers compared to TIS farmers.
The average family size of the respondents was very high compared to the national average family size of 6.8
persons (PAP, 2002) , implying the presence of a larger family structure and an integrated family system. The average family size, which is an indicator of family labor availability, is not significantly different between the farmers in the two systems. However, average number of part-time farmers in the IIS is significantly higher than that of the TIS in Table 1 . Moreover, the average number of full time farming family workers in the IIS is higher than in TIS and the difference is statistically significant.
The level of education measured in terms of number of years of schooling is statistically significant, indicating that farmer household heads in IIS are better educated.
In relation to the average total landholding per farm household is significantly different between the two groups as IIS farmers own 9.6 acres and TIS farmers own 8.2 acres. This is mainly due to early settlement of IIS farmers; as a result, they have been able to acquire more land. Moreover, since IIS farmers are settled in upstream, even before the settlement was improved, they were able to cultivate a larger landholding due to greater water availability upstream. The average cultivated land which includes extent of cereals, vegetables and fruits in both
seasons is relatively high and statistically significant between IIS farmers (7.8 acres) and TIS farmers (5.0 acres). This is obvious as IIS farmers have access to more land and water. Non-irrigated land extent of TIS farmers is significantly higher than IIS farmers. Almost all households are engaged in agriculture and it is the major source of livelihood in the area. The agricultural income of IIS farmer is significantly higher than that of TIS farmers.
Moreover, the share of agricultural income of the IIS farmer's total income is higher than that of the TIS farmers i.e. 53% and 43%, respectively.
Both IIS and TIS farmers utilize significant amount of their farm produce for self-consumption. Nevertheless, the majority of commercial farmers belong to the IIS farmer group. The low agricultural income of TIS farmers can be attributed to low land productivity (Table 2a) ,
constrained by factors such as a lack of water and poor soil fertility. Table 2a . Cost of production and profitability of crops were calculated for dry and wet seasons for IIS and TIS as shown in Table 2 (a & b) . In the dry season, wheat is the main food crop, potatoes and vegetables are main cash crops while fodder is cultivated for the livestock by both farmer groups IIS and TIS. The cost of production and profitability analysis Table 2a shows that the farmers in IIS had obtained higher gross production and net profit from all the crops. The higher gross production and profitability obtained by farmers in IIS can be attributed mainly to the higher input usage as the input use is statistically significant between the two groups. Moreover, it is also evident as indicated by the significant difference in the cost of purchased seeds used for wheat and potato. IIS farmers are using better quality seeds than TIS farmers.
However, there is no significant difference in input usage for vegetables between the two groups. This could be due to vegetables being the main cash crop, TIS farmers pay more attention and utilize their limited resources for and ** at 5%.
ii. Farm management cost includes (Hired labor cost, fertilizer cost, agro chemical cost, seed cost (own+purchased seed) and machinery cost (all type of tool tractor and fuel cost). iii.
Irrigation cost for dry and wet season (excluding cost borne by the government), but this cost is not included with in net profit for each crop Rs./farm
Overall, the analysis indicates that farmers in IIS are obtaining better profit by investing more on inputs as there is less risk due to continuous water availability.
Maize is the second main food crop in NAs of Pakistan, vegetable is the main cash crop and barley is grown as a livestock crop in the wet season by both IIS and TIS farmers. The analysis presented in Table 2b shows that IIS farmers use more inputs for maize compared to TIS farmers. As a result, the gross production is significantly higher; however, the net profit is not significantly different between the two groups. Moreover, there is no significant difference in the gross production or net profits in case of barley and vegetables between the two systems. These results imply that availability of water in the wet season encouraged both groups of farmer to use more agriculture inputs thereby obtain net profits which are not significantly different between the two groups.
Fruits are grown as perennials by both farmer groups and the net profit of IIS farmers is significantly higher despite no significant difference in input use. This could be attributed to continuous availability of water for IIS farmers particularly during spring season when trees bloom.
To further confirm the impact of water on crop productivity we carried out a multiple regression analysis for the two main crops wheat in dry season and maize in wet season by using "ordinary least square" method. As the The results presented in Table 3 show that in the dry season (wheat), the dummy variable is statistically significant at 10% and purchased seed use is significant. However, in the wet season (maize) none of the variables except intercept and the interaction between purchased seeds and IIS dummy are significant implying that there is a significant impact of IIS on yield of wheat in the dry season.
Capital, operation and maintenance costs of IIS farmers are not very high, as shown in Table 4 . The total cost of irrigation is 0.19% of gross agriculture income of farm households per year, and thus makes it more affordable for farmers to pay the annual operations and maintenance costs.
Conclusion
The study reveals that the use of improved irrigation system in the region has beneficial effects on farming communities in terms of better land utilization and improved productivity leading to higher farm income. This study also shows that farmers are willing to invest more on agricultural inputs in terms of using purchase seeds, fertilizer and agro chemicals when continuous water availability is assured. Moreover, the cost of improving traditional irrigation channels and operation and maintenance costs are not considerably high. Therefore, the National Program for Improvement of Watercourses (NPIW) project should be further extended to improve TIS channels, thereby uplifting the living standards of the farming community in Gilgit-Baltistan.
